Rationale: Approximately 20% of Medicare beneficiaries hospitalized for acute exacerbations of chronic obstructive pulmonary disease (COPD) are readmitted within 30 days of discharge. In addition to implementing penalties for excess readmissions, the U.S. Centers for Medicare and Medicaid Services has developed Bundled Payments for Care Improvement (BPCI) initiatives to improve outcomes and control costs.
About one-fifth of all patients hospitalized for an acute exacerbation of chronic obstructive pulmonary disease (COPD) are readmitted within 30 days of discharge, accounting for the majority of COPD-related health care costs (1) (2) (3) (4) (5) . Significant differences observed in readmission rates by geography and care delivery practices prompted the United States Centers for Medicare and Medicaid Services (CMS) to conclude that up to 75% of these readmissions were preventable (6) (7) (8) . In late 2014, CMS started penalizing hospitals up to 3% of all Medicare billing for higher than historical rates of readmissions after COPD exacerbations (8, 9) .
In addition to penalties for excess readmissions, CMS has developed a number of alternative payment models aimed at reimbursing providers and hospitals based on outcomes rather than volume, including the Bundled Payments for Care Improvement (BPCI) initiative (10) . By incentivizing outcomes, CMS aims to align provider and patient interests and reward health care systems for efficient, coordinated, and high-quality care (11) . The University of Alabama at Birmingham (UAB) entered a contract with CMS to pilot a BPCI initiative in which payments for all inpatient and outpatient care related to a hospitalization for COPD and the 90-day postacute period would be bundled (10) . If aggregate Medicare spending during the episode is below a target price, UAB has the opportunity to share in the savings, and if spending is above the target price, CMS is repaid a portion of the overage.
COPD is a complex multisystem disease with numerous comorbidities, and respiratoryspecific therapies have not been successful in reducing readmission rates (12) . This has resulted in a number of multidisciplinary, multipronged approaches aimed at increasing patient participation and improving care delivery, although results thus far have been mixed (13) (14) (15) (16) (17) (18) . In response to the CMS initiative, we initiated a multidisciplinary COPD management program that focuses on inpatient, transitional, and outpatient care; employs a common administrative and scheduling structure; and accepts joint responsibility for both outcomes and costs. We hypothesized that the BPCI intervention would result in a reduction in 30-day all-cause readmission rates after an index admission for acute exacerbations of COPD, and that the improvement in outcomes would result in cost savings compared with historical controls and BPCI target prices. Some of the results in this manuscript have been previously reported in the form of an abstract (19) .
Methods

Study Design
We performed a pre-postintervention study comparing readmissions following an index hospitalization for acute exacerbations of COPD to the University of Alabama at Birmingham hospital. With 1,157 licensed beds, this is one of the 20 largest acute care medical facilities in the United States. Alabama has the second highest prevalence of COPD of any state in the United States. For these reasons, our hospital may be particularly suited to testing the efficacy of a BPCI initiative for COPD at a single medical center.
We included Medicare-only patients prospectively enrolled in the BPCI during its first year (2014) and compared outcomes with patients meeting BPCI criteria during 2012. All participants were fee for service Medicare only, and no dual-eligible Medicare-Medicaid or managed Medicare patients were included. The primary outcome studied was the difference in 30-day all-cause readmission rate, and secondary outcomes included 90-day all-cause readmission rate, 30-and 90-day readmissions due to acute exacerbations of COPD, and also 30-and 90-day health care costs (compared with historical control subjects) as well as the BPCI target price for 90 days. Participants were followed for 1 year postdischarge to calculate time to readmission.
UAB is participating in model 2 of the BPCI involving patients discharged with one of the diagnoses for acute exacerbations of COPD, which include diagnosis-related group (DRG) numbers 190, 191, and 192 (for details, see the online supplement). Data for readmissions were prospectively recorded for the intervention group and extracted from the electronic medical record for control subjects. The study was approved by the UAB Institutional Review Board.
Interventions
Patients enrolled in the BPCI initiative received standardized care during their admission and the postacute care period (timeline of interventions in Figure 1 ; for additional details, please see the online supplement). On hospitalization, all patients received a uniform duration of 5 days of antibiotics and systemic steroids (20) . All participants were provided patient education material that included red flag symptoms. Active smokers received tobacco cessation counseling (21) . Participants were monitored in the COPD clinic within 2 weeks, and case-based referrals were also made to pulmonary rehabilitation, home health, palliative care, and hospice as appropriate. Periodic phone calls were placed (for the timeline, see the online supplement), and deterioration of a patient's symptoms was relayed to the BPCI health care providers for appropriate action. 
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We compared total costs for patients enrolled in BPCI during 2014 with the BPCI target price for 90 days as determined by Medicare. Cost calculations for the BPCI have been described elsewhere (8) . Briefly, the BPCI base price was based on historical claims for DRG 190-192 from July 1, 2009 to June 30, 2012, which was then risk adjusted for measures of disease severity, predicted and observed readmission rates, and inflation, using the 2013 Consumer Price Index. This base price was then discounted 3% to derive the BPCI target price. As Medicare disallows use of individual patient data, costs for an index admission as well as 30-and 90-day all-cause costs were calculated by summing claims for inpatient and outpatient care submitted to CMS as obtained locally from the UAB Health Services Foundation.
Statistical Analyses
Comparisons between groups were made for continuous variables, using an independent t test or Mann-Whitney U test for nonparametric data, and using the x 2 or Fisher exact test for categorical variables. To assess time to first readmission, Cox proportional hazards analysis was performed. Comparisons were deemed to be statistically significant at a two-tailed a of 0.05 or less. All analyses were performed with the Statistical Package for the Social Sciences (SPSS 22.0; SPSS Inc., Chicago, IL).
Results
Baseline characteristics for patients in the BPCI arm and 2012 control subjects are shown in Table 1 . The median length of hospital stay for control subjects was 3 days (interquartile range [IQR], 2-5), and 4 days (IQR, 2-5.3) for the BPCI group (P = 0.049). Two patients (1.8%) in the control arm and one (1.3%) in the BPCI arm received invasive mechanical ventilation (P = 0.624). There were two deaths among the control subjects and one in the BPCI group. Table 2 illustrates the frequency of individual interventions administered to patients in the two groups. Compared with control subjects, patients in the BPCI arm were more likely to receive influenza and pneumococcal vaccinations, to be referred to pulmonary rehabilitation, to have followup appointments scheduled with the pulmonary clinic and to attend those appointments, to receive home care, and to use durable medical equipment including home oxygen. There was no difference in the number of palliative care referrals. Active smokers in the BPCI intervention were significantly more likely to receive smoking cessation counseling. However, these savings did not account for $250,000 in additional costs for the hospital system, incurred in hiring a full-time nurse practitioner and nurse and an additional part-time nurse, and the costs of telephone calls, printed materials, and physician effort. Individual patient cost data were available for hospital and posthospital care at our institution only, and there was no difference in the per-patient costs for the index admission in the BPCI group as compared with 2012 control subjects ( Table 3 ).
Services
Discussion
We report that a comprehensive disease management program developed specifically for patients enrolled in the first CMS BPCI initiative focused on COPD hospitalizations had no statistically significant impact on the risk of all-cause or COPD-related readmissions within 30 or 90 days at a single large academic medical center. Although the intervention resulted in a 4.3% cost savings compared with BPCI target prices, this does not include the costs incurred to support the program, which far exceeded this benefit. Even before the implementation of BPCI by Medicare, a number of comprehensive programs to decrease the rate of COPD hospitalizations were tested in the United States. Some of these studies suggested benefits, but there were significant differences in the interventions used, study size, duration of follow-up, and outcomes measured, which preclude direct comparisons with our results.
Bourbeau and colleagues implemented a weekly education program for 2 months followed by monthly telephone calls for high-risk patients and showed a 39.8% reduction in hospitalizations due to acute exacerbations of COPD (13) . A pre-postintervention study of patients monitored by a COPD nurse navigator also showed improvements, including a 34% decrease in all-cause admissions at 1 year (22) .
A multicenter, randomized study by Rice and colleagues using COPD education, an action plan for self-treatment of exacerbations, and monthly telephone calls found a 34% absolute reduction in 1-year hospitalizations and emergency room visits (15) . However, a large follow-up randomized controlled study by Fan and colleagues was prematurely terminated because of higher mortality in the intervention arm (18) . None of these studies recruited patients during hospitalization for COPD exacerbation.
A few studies have recruited patients during an initial hospitalization for COPD, Definition of abbreviation: BPCI = Medicare Bundled Payments for Care Improvement. All data expressed as mean (U.S. dollars) and standard deviation. All values expressed in U.S. dollars. None of the comparisons between case subjects and control subjects were statistically significantly different at a two-sided a of 0.05.
ORIGINAL RESEARCH
and again the results have been mixed (14, 16, 23, 24) . None of these studies examined 30-day readmission rates, the key time point used to determine CMS penalties. A study by Jennings and colleagues found no difference in 30-day readmission rates compared with usual care, but focused only on readmissions due to acute exacerbations of COPD, and not on readmissions for other conditions that are included in the CMS Hospital Readmissions Reduction Program (17) . Whereas there is an urgent need to reduce hospital readmissions, there is some controversy as to how many of these events related to complex chronic medical conditions are indeed preventable, in contrast to other single-disease conditions penalized by CMS such as hip surgery outcomes (25) . Studies suggest that Medicare's estimate that 75% of readmissions after an acute exacerbation of COPD are potentially preventable might be an overestimate, and that this figure might be as low as 25% (26, 27) . It is also not clear whether the focus on COPD is justified as all Medicare patients suffer a 20% readmission rate within 30 days, and although an early readmission is thought to reflect problems in quality of care (28) , there are no studies examining this issue in COPD.
In our study, the length of hospital stay was slightly longer in the BPCI arm than in the control arm. The reasons for this are not certain, although it is possible that greater awareness of the bundled payment initiative among providers could have led to a more conservative approach and delayed discharge. Despite this, we did not observe greater costs in the BPCI arm. We speculate that the electronic order set used during the bundle period streamlined care, reducing costs somewhat, including rapid switchover to oral steroids and the use of inexpensive and oral antibiotics whenever possible. It is also possible that the absence of cost differences was a reflection of the relatively small sample size.
Strengths and Limitations
The current analysis offers a number of important strengths compared with these prior reports. First, we specifically designed our study to capture the key outcomes that impact CMS readmission penalties. Second, our comprehensive program included a number of interventions that have individually been shown to decrease the risk of exacerbations (although not necessarily readmission) but that were not uniformly implemented in previous studies including tobacco cessation counseling (13, 15, 17, 18, 22) , discharge planning (23), COPD education (13-16, 18, 22) , social services referral (23) , home health services (14, 23) , comorbidity assessment (14, 17) , periodic telephone calls (13-15, 17, 18, 23) , pulmonary rehabilitation (24), immunization, follow-up with a pulmonologist, and referral to palliative services when appropriate.
None of the previous studies aimed at preventing readmissions assessed the costeffectiveness of their interventions. Although our total costs were less than the BPCI price targets, this did not include the additional personnel and administrative costs necessary to coordinate the BPCI initiative and more closely monitor patients.
Our study has several limitations. We acknowledge that our study was underpowered to exclude a statistically significant difference in readmission rates. However, the annual patient volumes for COPD admissions we reported at our 1,157-bed acute care hospital reflect the volumes at many large tertiary centers, suggesting that the number of patients admitted annually for an acute exacerbation of COPD to any one center might be inadequate to demonstrate a reduction in the 30-day readmission rate or meaningful cost savings.
For perspective, to detect a 5% reduction in the absolute risk of readmission at 30 days from 20% to 15%, which could be considered clinically significant, a sample size of more than 1,800 would be required.
In addition to small sample size, our readmission rates were already lower than national rates and this likely influenced our findings although we did not have a specific prevention program until we implemented the bundle initiative.
We also do not have patient-specific information on readmission rates at other hospitals. However, the Medicare costs do factor in readmissions at any hospital in the country as well as outpatient costs, and the captured CMS costs we report are complete for the determination of costs relative to target price. We did not adjust for disease severity in the pre-and postintervention groups; however, the diagnosis of acute exacerbation by DRG codes does factor in illness severity (2) . Participants were not randomized as this is precluded by the retrospective payment design of the BPCI agreement.
Conclusions
A multidisciplinary intervention focusing on inpatient, transitional, and outpatient care as part of our institution's participation in a Medicare BPCI initiative did not result in a reduction in 30-day all-cause readmissions, and did not result in substantial cost savings. Although larger, multicenter studies may be able to demonstrate a clinically meaningful reduction in the 30-day readmission rate and associated health care costs using these BPCI interventions, COPD may not rank among the most productive targets for efforts to reduce overall 30-day hospital readmission rates at any single center. n
